The in vivo efficacy of highly porous carbon nanocomposites prepared from sugar beet waste for the Ochratoxin A detoxification. Vet. arhiv 89, 851-872, 2019.
biochemistry of the chicks was investigated by slaughtering three individual chicks from each group at the end of the 1 st to 6 th weeks of the experiment.
Comet assay. The genotoxic effect of OTA was determined through comet assay following the protocols of SINGH et al. (1988 and with slight modifications. The blood samples were collected in 5 mL sterilized syringes from the brachial vein of the selected chicks. For testing genotoxicity in the kidney and liver, about 1 g tissue were homogenized and mixed with about 5-6 mL of PBS (Phosphate Buffer Saline). On a single coated slide, 75 μL of LMPA (Low Melting Point Agarose, 1.5%) was mixed with 15 μL of blood. A cover slip was placed on it and the slide was put on an ice pack for 5 to 10 min. The coverslip was removed and again 85 μL LMPA was deposited on the same slide and a coverslip was placed on it again. After 10 min, the coverslip was removed and the slides were shifted to a freshly prepared lysing solution, poured in a glass tray, overnight at 4 °C. After electrophoresis, the slides were rinsed with neutralization buffer and stained with 70 μL DNA specific fluorescent dye acridine orange (20 μg/mL). Before observing the slides, the excess water on the edges and back of the slides was blotted away. From every slide, 100 cells were randomly selected, and images were taken at 400x using a fluorescent microscope (Nikon Eclipse 80 i) equipped with an excitation filter of 450-490 nm. Comet tail lengths (consisting of nuclear region and tail) were scored visually into 5 comet classes ( Fig. 1 ): comet class 0 (no damage, hence no tail), comet class 1 (tail up to 1.5 times the diameter of the comet nucleus), comet class 2 (tail 1.5-2.0 times the diameter of the comet nucleus), comet class 3 (tail 2.0-2.5 times the diameter of the comet nucleus) and comet class 4 (maximally damaged with total DNA in its tail). A final overall total comet score for all 100 cells was obtained by adding up the number of cells in each class, times the class number, giving a rating between 0-4 (COLLINS, 2004): TCS = 0(n) + 1(n) + 2(n) + 3(n) + 4(n) where n indicates the number of cells in each class.
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Histological analysis. For histological evaluation, the tissues samples were prepared manually as described by PROPHET et al. (1992) . Kidney and liver samples of selected broiler chicks were immediately transferred to 10% neutrally buffered formalin and then placed in fixative for 48 h. These tissues were then dehydrated in concentrated ethanol solutions. Finally, they were transferred to a clearing solution. The dehydrated and cleared tissues were infiltrated with melted paraffin and embedded in a stainless steel mold. The molds were then placed in a freezer to solidify, after which the tissue blocks were removed. The tissues were sectioned through a rotary microtome, and stained with Harris hematoxylin and eosin-phloxine solution. Photographs of tissues sections were taken on a digital camera attached to the microscope.
Blood serum biochemistry. Serum biochemical parameters such as alanine transferase (ALT), serum alkaline phosphatase (ALP), serum albumin, total proteins, globulin, serum urea, and creatinine, were determined using commercially available kits by RANDOX.
Clinical signs and behavior. Clinical signs and the behavior of poultry chicks (attentiveness, attraction to water and feed, and consistency of feces) were recorded in the form of scores from 0 to 3. Where 0 = absence, 1 = minor, 2 = average and 3 = extreme (degree of the parameters studied). The observations were recorded at the end of each week.
results
Highly porous magnetic adsorbent. The prepared magnetic adsorbent exhibited a Langmuir surface area of 989.12 m 2 /g and 50% magnetic character. SEM, XRD, EDX, TG/DTA and FTIR photographs of the highly porous carbon nanocomposite are presented in Fig. 2 . The SEM picture demonstrates the honeycomblike porous surface. This confirms the detachment of excess iron oxide after treating with HNO 3 solution. The white patches/dots in the SEM photographs confirms the presence of iron oxide. The novel adsorbent was then used for the in vivo detoxification of ochratoxin A.
Ochratoxin A induced DNA damage and its detoxification in broilers. Blood, kidney and liver samples of chicks were analyzed (group A-F) to estimate the degree of DNA damage caused by ochratoxin A. The samples of group B and C showed a higher frequency of total comet score and comet class per 100 cells compared with groups A, E, and F throughout the experimental period. The value of the TCS of blood samples of chickens in group A (negative control) was 25.27 ± 4.8 while that of the chickens in group B (positive control) was 221.9 ± 9. Throughout the experiment, the blood samples of broilers in group A (negative control) showed a maximum score of 0 and a minimum score of 4. The value of the TCS of groups C and D at the end of the 6 th week was 76.64 ± 8.5 and 65.29 ± 8.6 respectively. Groups E and F showed TCS of 42.96 ± 7.6 and 28.94 ± 5.2 respectively at the end of the 6 th week. The least TCS was shown by groups A, F, and M. Zahoor et al.: Ochratoxin A detoxification by highly porous carbon nanocomposites E, and the highest by group B, followed by C, indicating that maximum DNA damage had taken place in group B. The TCS for blood samples at the end of the experimental period was in the following order: group B > C > D > E > F > A. Similarly, liver samples of broilers of group A showed the lowest TCS value of 27.3 ± 4.9. Groups B and C showed TCS of 225.99 ± 6.1 and 81.3 ± 11.6, respectively, while the TCS values of groups D, E, and F were; 65.63 ± 173, 44.3 ± 6.4 and 28.94 ± 5.2, respectively. Here also a high degree of DNA damage was recorded in the liver sample of groups B and C. For the liver samples, the TCS was in following order: group B >C >D > E > F > A.
For kidney samples, the TCS at the end of the experiment was in the order: group B > C > D > E > F > A. Group A showed the minimum value of TCS 28.66 ± 6.1, for group B it was 235.64 ± 7.9, while for groups C and D the values were 82.17 ± 5.6 and 66.96 ± 8.6, respectively. Groups E and F exhibited low TCS values of 44.31 ± 3.4 and 32.32 ± 4.7, respectively. The highest total comet score was observed for group B. The organ wise TCS was in the order: kidney > liver > blood.
Histopathology of broilers. The histopathological observations of the kidneys and livers (1 st week to 6 th week) are presented in Figs 3 and 4. A normal histological pattern for the kidneys and livers was presented by the chicks in group A throughout the experimental period. Kidney samples of group B were marked by a mild degree of degenerative changes at the end of the second and third weeks of the experiment. The pathological effect of ochratoxin A was prominent at the end of the 4 th week and even more severe at the end of the 6 th week. The renal tubules of the kidney showed extreme congestion, which led to the complete blockage of the lumen. Excessive proliferation was presented by the epithelial cells in the glomeruli, with a maximum degree of hyalinization. Blood vessel congestion was also found in the parenchyma layer. Thickened bowman capsules were also observed, along with dilated urinary spaces (which were more severe at the end of the experimental period). Likewise, maximum pathological changes were also observed in several sections of the liver during the last week of the experimental period. These changes included the acute cloudy type of cell swelling, and congestion of hepatocytes throughout the hepatic parenchyma. Lobular denegation was also observed at several points. Individual cell necrosis was indicated by pyknotic nuclei in the hepatocytes. The sinusoidal spaces were reduced to a great extent due to cell swelling. Pericapillary edema, as well as perivascular mononuclear cell infiltration, were observed in group B chicks and became severe at the end of the 6 th week. Chickens in groups C, D, E, and F did not show any alterations from the normal histological pattern during the first week of the experimental period. Normal histological patterns of the liver were shown by these groups during the initial two weeks of the experimental period. Chicks in groups C and D showed a mild form of pathological changes at the end of the third and fourth weeks. These pathological changes were: thickening of the bowmen's capsules and slight congestion in the epithelial cells of the renal tubules. No such pathological changes were observed in the kidneys and livers of chicks in groups E and F.
A moderate degree of congestion was observed in chicks in groups C and D at the end of the 5 th and 6 th weeks of the experiment. Moreover, pyknotic nuclei in the tubular epithelial cells of kidney were also prominent, and proliferation of the epithelial cells in the glomeruli had resulted in reduced urinary spaces. Likewise, liver sections of groups C and D presented cellular infiltration of a mild degree around the blood vessels. Individual hepatocytic necrosis and cloudy swelling of a moderate degree were also observed, which resulted in a slight reduction of the sinusoidal spaces. The mildness of the histopathological changes in groups C and D, when compared to group B (positive control) was due to the fact that some of the ochratoxin A had been adsorbed by the magnetic nanocomposites in the GIT.
Gross lesions in different organs. Groups A and F showed normal morphology of different organs; no lesions and hemorrhages were observed in the kidneys, liver, or heart. On the other hand, group B showed gross lesions in the kidneys and liver. Gross lesions in the kidneys started from the 2 nd week and in the liver in the 3 rd week. The severity increased day by day and reached its maximum at the end of the 6 th week of the experiment. In group C, minor lesions began in the kidney in the 3 rd week and remained intact until the end of the 6 th week, while a mild lesion of the liver was noted at the end of the 4 th week and was intact until the end of the experimental period. In groups D and E, lesions were recorded in very few birds at the end of the last week of the experiment.
The frequency of lesions in the kidney and liver (Figs 5 and 6) was high for group B, while for the adsorbent treated groups (D, E, and F) normal morphological patterns were observed.
Body weight of broilers. The relative body weight of chickens in group B, fed on toxin contaminated feed throughout the experimental period, was significantly lower than the rest of the groups. In group F the relative body weight of chicks was significantly higher than that of groups C and D, fed on ochratoxin A and different levels of adsorbent, at the end of the 3 rd week. No significant differences were observed in the body weight of the birds in groups E and F. However, the relative body weights of group B and C chicks were significantly lower than those of groups A, E and F at the end of the 5 th and 6 th weeks.
Organ weight of broilers. The results of the relative weights of the kidneys, liver and spleen show that there were no significant differences between groups A, E and F at the end of the first week. However, significant differences were observed in the case of group B as compared to the other groups. In group B, the increased weight of the kidneys, liver and spleen were observed. The results of the relative weight of the bursa of fabricius showed that the difference in the values in the case of groups A, E and F were non-significant at the end of the 1 st week, while the values of group B were significantly lower than the other groups at the end of the 2 nd to 6 th weeks.
No significant differences were observed between groups A, E, and F at the end of the 1 st , 3 rd and 4 th weeks, whereas significant differences were noted for group B when compared to all the other groups at the end of the 5 th and 6 th weeks. The relative weights of the bursa of fabricius for group B were lower than the chicks in the other groups.
Blood biochemistry of broilers Serum alanine transferase and alkaline phosphatase. The serum levels of certain enzymes, such as alanine transferase (ALT) and alkaline phosphatase (ALP), are the biochemical parameters that indicate injury or impairment to the liver.
Serum creatinine and urea. The mean values of serum creatinine and urea in group B were significantly higher than in groups A (negative control), D, E, and F throughout the experimental period. The differences between creatinine and urea levels of groups A, E, and F were non-significant throughout the experimental period.
Serum albumen, total proteins and globulin. There were no significant differences in the levels of serum albumen, total proteins and globulin of broiler chicks in groups A, E and F up to the end of the experimental period. However, for group C, these parameters were significantly different from those of groups A, E, and F throughout the experiment. In the case of group B, the differences were more significant when compared with groups D, E, and F.
Clinical signs and behavior. Normal behavior was observed in group A chicks. All chicks in group A showed alertness when their cages were tapped. Their feces were also normal and semisolid. Besides, they were also attracted towards water and feed with normal frequency. On the other hand, abnormal behaviors and signs were shown by birds in group B. In the initial two weeks a mild type of behavioral alterations and clinical signs were observed which, however, were severe at the end of the experimental period (less feed intake, depression, increased water intake and watery feces with irregular frequency). The experimental birds in group C showed alertness when their cage was tapped. Stool consistency was also normal during the first week of the experiment. However, abnormalities in behavior and clinical signs appeared during the 2 nd week and were severe at the end of the experiment. Chicks in groups D, E, and F showed normal signs and behavior, like group A (negative control group), throughout the experiment.
Rate of mortality. Group B exhibited the highest mortality rate, followed by group C. Maximum casualties were observed at the end of the 6 th week. On the other hand, minimum mortality was recorded in groups A and F (4% only). Amongst the adsorbent treated groups, there was a decrease in the mortality rate with the increase in adsorbent dosage. The percentage mortality rates were 4, 30, 17, 8, 5 and 4% respectively in groups A, B, C, D, E, and F at the end of the experimental period (B> C> D> E> A and F).
Discussion
The XRD pattern of the prepared adsorbent showed diffraction peaks at 2θ; 16. 05, 35.55 and 62.6 corresponding to refractive indices; 111, 311 and 440 of Fe 3 O 4 (KREHULA and MUSIC, 2007) . Diffraction peaks at 2θ; 11.85, 19.40, 25.15, 33.15, 40.5, 45.05 and 54.05 correspond to the indices; 020, 110, 120, 130, 121, 131 and 221 of goethite (MOHAMMAD et al., 2017) ), while the diffraction peaks at 2θ; 24.2 and 49.5 correspond to indices; 012 and 024 of hematite (KREHULA and MUSIC, 2007) .
Energy dispersive X-Ray images showed the presence of iron and oxygen at different KeV. The Fe peaks may be observed at 0.8, 6.4 and 7 KeV in the photographs, whereas oxygen is present at 0.4 KeV. Nearly the same spectral data were reported by MOHAMMAD et al. (2017) .
The TG/DTA photograph shows that there was no weight loss of the sample up to 390 0C. However, a rapid loss in weight may be observed from 420 to 560 °C. The mass loss from 390 to 420 0C was slow, whereas beyond 420 °C, a sudden fall in mass occurred. The observed mass loss may be attributed to evaporation of water molecules present in the sample and conversion of impurities/carbonaceous material into oxides. No farther loss of mass was recorded after 560 °C. Endothermic and exothermic peaks may also be seen in the DTA curve (Fig. 2) .
The FTIR spectra shows peaks at 3380 and 2660 cm-1 which represents O-H stretching vibration and aliphatic C-H respectively. The band of C = O and C = C may be observed at 1200 and 1000 cm-1 respectively (WAN et al., 2013) . The peak at 1004.91 and 1180 cm-1 may be attributed to stretching of C-O bond (HADI et al., 2015) , whereas the peak at 595cm-1 corresponds to stretching of Fe-O (SNEHA and SUNDARAM, 2015) .
The genotoxic effect of OTA has been reported by several authors (PFOHL-LESZKOWICZ and MANDERVILLE, 2012) . In the present study, groups C, D, E, and F were fed with ochratoxin A contaminated feed (400 μg OTA/kg) supplemented with 0.3, 0.6, 0.9 and 1.2% (w/w) of the prepared adsorbents respectively. The total comet score and genotoxicity in the blood, kidney and liver samples of groups C and D were comparatively lower than group B, while group F showed the lowest total comet score, followed by group E (adsorbent treated groups). In groups E and F (highest adsorbent doses treated groups) no genotoxic effects were observed, which may be correlated with the fact that maximum ochratoxin A was adsorbed by the adsorbent, and was not available to cause any injurious effects in the chicks in these groups. The prepared adsorbent is thus able to ameliorate the toxic effects of ochratoxin A in broiler chickens, if given as a dietary supplement in their feed.
The pathological changes observed in the kidney sections of broilers exposed to OTA contaminated feed resulted in congestion, and necrotic and degenerative changes M. Zahoor et al.: Ochratoxin A detoxification by highly porous carbon nanocomposites in the renal tubular epithelial cells. These alterations were much more prominent in the positive control group (ochratoxin mixed feed without adsorbent). Similar results have been observed by various workers in birds (STOEV et al., 2000) . Kidney sections of birds suffering from experimental ochratoxicosis have shown mononuclear cell infiltration around the blood vessels, degenerative changes in the renal corpuscles, and proliferation of epithelial cells (OBRIEN et al., 2001) .
These pathological changes were reduced to a great extent in the kidney and liver samples of adsorbent treated groups, particularly groups E and F, indicating that most of the ochratoxin had been adsorbed by the prepared adsorbents in the intestinal tract of chicks.
Swollen, bulging kidneys with pinpoint lesions were described by SAWALE et al (2009) in laying hens, and in broiler chicks by KUMAR et al. (2004) . Other workers also reported swollen kidneys and liver with pinpoint hemorrhages in laying hens and broiler chicks (POLITIS et al., 2010) . Gross lesions on different organs in broiler chicks in ochratoxicosis have also been reported (SAWALE et al., 2009) . In our experiments the reduction in lesion formation and morphological alterations were due to the adsorption of OTA by the prepared absorbent.
A reduction in the body weight of chicks when exposed to ochratoxin A contaminated feed has already been reported (OBRIEN et al., 2001) . Our study showed that the body weight of chicks in group B decreased throughout the course of the study. The food conversion ratio (FCR) of group B was also impaired, whereas those groups receiving ochratoxin A contaminated feed along with different levels of adsorbent, showed increases in body weight and normal FCR. The reduction in the weight of chicks in group B may be due to their lower attraction to their feed. These results are in line with the report by HANIF et al., (2006) . They observed a reduction in weight due to low feed ingestion that hampered protein synthesis, since OTA acts as a competitive inhibitor of phenylalanine, thus preventing the attachment of this specific amino acid to the phenylalanine transfer RNA synthetase enzyme. On the other hand, chicks in groups E and F showed a normal increase in body weight and normal FCR, just like that of group A (negative control), suggesting that the prepared adsorbent had ameliorated the toxic effects of ochratoxin A.
The increase in weight of the kidneys and liver might be associated with accumulation of OTA since the liver is the store house of the body, and the kidneys eliminate toxic substances from the body. The toxic effects of OTA impaired their ability to eliminate these toxins, which resulted in accumulation of OTA in these organs. Similar alterations in the liver have already been reported in different avian species (STOEV et al., 2002; TURESKY, 2005; HANIF et al., 2006) . Our observations support the earlier reports about an increase in the weight of the livers of chicks fed OTA contaminated feed.
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The ALT and ALP serum levels in groups B and C were higher than those in groups D, E, and F. According to ELAROUSSI et al. (2006) , a significant increase in serum ALT concentration may be observed when the birds are fed with ochratoxin A contaminated feed.
Our findings are in line with the results of SAWALE et al. (2009) for white leghorn and broilers. Significantly increased levels of serum creatinine and urea in the OTA treated group, in addition to histological changes, also confirm impaired renal function and the primary site of action of OTA. The present results show that the addition of adsorbent to ochratoxin A contaminated feed strongly ameliorated the toxic effects of ochratoxin A in experimental chicks.
Usually, the serum albumen, total proteins and globulin levels decrease when chicks are fed with ochratoxin contaminated feed (KUBINA et al., 1990) . In our study no significant differences were observed between chicks in the negative control group and those fed on diets containing ochratoxin A plus adsorbent. Similar findings have also been reported previously by WAN et al. (2013) .
Different clinical signs and behavioral alterations in poultry chicks (during ochratoxicosis) have been reported previously. Ochratoxin toxicity in broilers results in an increase in water intake and a decrease in feed consumption (ELAROUSSI et al., 2006) . Low feed intake and maximum attraction to water in chickens is an adaptation to avoid dehydration and to replace water contents that have been lost along with watery feces. Decreased attraction to feed and increased attraction to water have also been reported in layers, turkeys and poultry chicks in ochratoxicosis (SAWALE et al., 2009 ). According to our results, diarrhea (watery stools), attraction to water intake, and depression were some noticeable signs displayed by the broilers fed with ochratoxin A contaminated feed. Such findings have also been reported by KOYNARSKI et al. (2007) in chickens and laying hens fed with different dietary levels of ochratoxin. In the present study, abnormal signs and behavior was shown by the birds in the positive control group, fed with ochratoxin A contaminated feed (without mixing adsorbent) throughout the experiment. This shows that the prepared adsorbent had the capability to detoxify the toxic effects of ochratoxin A in broiler chicks.
Increased mortality rates with an increase in ochratoxin exposure over a long time period and a dietary OTA dose in broilers have also been reported in poultry birds (STOEV et al., 2000) which is in line with conclusions drawn by AFZAL et al. (1979) from their study. According to them, the highest percentage of mortality can be observed in chickens when they are exposed to different dietary levels of mycotoxin contaminated feed. However, the lowest mortality was observed amongst groups fed with mycotoxin contaminated feed along with different levels of adsorbents.
